Introduction
============

Despite advances in our understanding of cancer biology, the development of effective treatment strategies remains a therapeutic challenge. One of the main reasons for the failure to control certain types of cancers is the lack of strategies targeting cancer stem-like cells (CSCs)/poorly differentiated tumors. CSCs have been found in a wide variety of human tumors including leukemia, breast, head and neck, pancreatic and prostate cancers as well as glioblastoma (GBM) and melanoma. CSCs may arise from stem cells, progenitor cells, or other differentiated cancer cells [@B1]. Although CSCs comprise only a small population in the tumor bulk, they are capable of self-renewal in both primary tumors and their metastatic variants, thus maintaining the bulk of the tumor through cycles of self-renewal, differentiation, and de-differentiation [@B2]. Several markers that identify CSCs have been described previously, including CD44, ALDH activity and CD133 [@B3], [@B4]. There is growing evidence that CSCs are resistant to chemotherapy or radiation, and their increased numbers within the tumor microenvironment predict poor prognosis [@B5]-[@B7].

Lack or lower expression of MHC class I are hallmarks of poorly differentiated cells, including mesenchymal stem cells, hematopoietic stem cells, embryonic stem cells, induced pluripotent stem cells, and CSCs in various tumor types [@B8], [@B9]. On the other hand, such cells are targets of NK cells since NK cells are known to kill cells expressing decreased MHC class I. Although, higher levels of circulating NK cells are associated with better prognosis [@B10], NK cell cytotoxic activity in peripheral blood of cancer patients is usually reduced, and the expression of NK cell activating receptors is diminished even at the early stages of cancer, as well as in advanced disease [@B11], [@B12]. It is known that the cytotoxic function of NK cells is suppressed after their interaction with stem cells [@B13]-[@B15]. We have previously shown that poorly differentiated oral squamous carcinoma stem cells (OSCSCs) were excellent targets for NK cell-mediated cytotoxicity and triggered significant IFN-γ secretion by the NK cells, whereas their differentiated counterparts, oral squamous carcinoma cells (OSCCs), were significantly more resistant [@B16]. OSCSCs expressed CD44^high^, EpCAM^high^, CD26^high^, CD166^low^, and CD338^+^ oral stem cell markers [@B17], [@B18]. Furthermore, de-differentiation of tumors by either blocking NFκB or genetically knocking out COX2 results in an increased NK cell-mediated cytotoxicity [@B17], [@B19]-[@B21]. We have recently demonstrated that induction of split anergy in NK cells results in differentiation of CSCs by cytokines secreted from such NK cells. Consequently, NK differentiated tumors become resistant to NK cell-mediated cytotoxicity and are unable to trigger secretion of cytokines or chemokines [@B22].

Anti-carcinogenic and chemopreventive effects of non-steroidal anti-inflammatory drugs (NSAIDs) have been well documented [@B23]-[@B27]. In addition to their well-known preventive effect against colon and gastric cancers, NSAIDs mediate a protective effect against bladder cancer [@B28], breast cancer [@B29], prostate cancer [@B30], and lung cancer [@B31]. Aspirin and sodium salicylates have previously been shown to suppress the activation of Nuclear Factor κB (NFκB) pathway [@B32]-[@B34]. Inhibition of NFκB by an IκB super-repressor in tumors or decreased function of NFκB in oral tumors led to enhanced activation and survival of NK and T cells [@B35], [@B36]. We have also shown that the inhibition of NFκB activation in HEp2 tumor cells rendered these cells susceptible to NK and CD8^+^ T cell-mediated cytotoxicity, and prevented NK and CD8^+^ T cells from undergoing inactivation and cell death mediated by tumor cells [@B35], [@B37]. Thus, the protective effect of NSAIDs against a variety of cancers could relate to their ability to decrease NFκB and increase the cytotoxic function of effector cells in order to clear newly arising cancer cells. Indeed, as shown here and elsewhere, treatment of HEp2 cells with sulindac, an NSAIDs compound, increased the susceptibility of HEp2 cells to NK cell-mediated cytotoxicity [@B35].

NFκB is also shown to be an important regulator of interleukin-6 (IL-6) gene expression [@B38], [@B39]. IL-6 is a pleiotropic cytokine, produced during a variety of inflammatory conditions, and is found to modulate several physiological processes such as cell proliferation, differentiation, survival, and apoptosis [@B40]. Various cancer types, including melanoma, prostate cancer [@B40], basal cell carcinomas [@B41], and head and neck squamous cell carcinomas (HNSCC) [@B42] produce increased amounts of IL-6 which acts as an autocrine and/or paracrine growth factor for tumor cells [@B40]. In addition to its role in tumor proliferation, IL-6 is also known to play a key role in immune cell inactivation [@B36], [@B43]. IL-6 has been shown to decrease the expression of the co-stimulatory molecule CD80 in a murine model of oral squamous cell carcinomas [@B44]. Therefore, NFκB expression in tumor cells could negatively regulate immune function by increasing IL-6 secretion.

C-Jun N-terminal kinase (JNK) belongs to the family of mitogen-activated protein kinases (MAPKs), which are responsible for phosphorylation and mediation of signal transduction from extracellular stimuli. The role of JNK in cell growth, differentiation, and cell death remains controversial. Studies have shown that activation of JNK generally either promotes cell growth or activates cell death [@B45], [@B46]. The induction of strong and prolonged JNK activity in response to a variety of stresses including UV light, ionizing irradiation, and hydrogen peroxide, have been shown to induce cell death [@B47], [@B48]. Moreover, we have previously shown that the induction of JNK in the absence of NFκB was found to trigger significant cell death of HEp2 cells after 2-hydroxyethyl methacrylate (HEMA) treatment [@B49]. Similarly, studies conducted by several groups implicated the significance of inverse regulation of JNK and NFκB in the induction of cell death [@B23], [@B50]-[@B53]. Therefore, identification of novel pharmacological compounds, which could target signaling pathways that mediate cell death, is of significance. Sulindac is a prodrug, structurally related to a methylated indole derivative, indomethacin, which exhibits antipyretic, analgesic and anti-inflammatory functions. It differs from indomethacin by its ability to bind IKKβ and inhibit NFκB activation in response to TNF-α [@B39], [@B54].

In this paper, we demonstrate that the differentiation stage of cancer cells is predictive of their susceptibility to sulindac and CDDP-mediated cell death. NK cells, in addition to their well-known ability to lyse CSCs/undifferentiated tumors, are also able to differentiate tumors, resulting in their enhanced susceptibility to drug-mediated cell death. Moreover, we show that the protective effect of sulindac against cancer is likely mediated by the inverse regulation of NFκB and JNK which results in the decrease of IL-6, IL-8 and vascular endothelial growth factor (VEGF) secretion favoring NK cell activation.

Materials and Methods
=====================

Cell Lines, reagents, and antibodies
------------------------------------

Oral squamous carcinoma cells (OSCCs) and oral squamous cancer stem-like cells (OSCSCs) were isolated from oral cancer patient tongue tumors at UCLA. These cells were cultured as described previously [@B17].

MIA PaCa-2 (MP2), PL12 and Capan-1 human pancreatic cell lines were provided by Drs. Guido Eibl and Nicholas Cacalano (UCLA David Geffen School of Medicine). MP2 and PL12 cells were cultured in DMEM supplemented with 10% FBS and 2% penicillin-streptomycin (Gemini Bio-Products, CA, USA). Capan-1 was cultured in RPMI 1640 medium supplemented with 10% FBS and 2% penicillin-streptomycin.

X0GB2 stem-like glioblastoma (GBM) cells were isolated from freshly resected human tumor tissues, and were characterized and cultured as described previously [@B55]-[@B57].

MDA-MB231 and A375 cells were generously provided by Dr. Toru Hiraga (Department of Histology and Cell Biology, Matsumoto Dental University). MDA-MB231 and A375 cells modified with vectors containing CD44 and luciferase (LUC) shRNA were prepared by Dr. Hiraga\'s group [@B58]. MDA-MB231 and A375 cells were cultured in DMEM (Gemini Bio-Products, CA, USA) supplemented with 10% FBS and 100 mg/mL kanamycin sulfate (Life Technologies, MA, USA).

A549 (catalog \# CCL-185) cell line, human acinar adenocarcinoma with gland formation, was purchased from ATCC (Manassas, VA, USA). A549 cells were cultured in DMEM supplemented with 3% FBS, 1.4% antibiotic-antimycotic, 1% sodium pyruvate, 1.4% non-essential amino acids, and 1% L-glutamine.

HEp2 cancer cell line (catalog \# CCL-23) was obtained from ATCC (Manassas, VA, USA) and was maintained in DMEM supplemented with 10% FBS. RPMI 1640 supplemented with 10% FBS was used for the cultures of NK cells and PBMCs.

OSCSCs and OSCCs were irradiated with a single dose of 10 or 20 Gy with MARK-I Irradiator (J.L. Shepherd), and the cell viability was assessed using propidium iodide (PI) at different time points followed by flow cytometric analysis.

Recombinant human IL-2 was obtained from Hoffman La Roche (NJ, USA). Recombinant human IFN-γ was obtained from Biolegend (San Diego, CA, USA). Antibodies to TNF-α and IFN-γ were prepared in our laboratory. The antibodies against p65 subunit of NFκB, actin and β-tubulin were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against p-JNK and JNK were purchased from Cell Signaling Technology (Danvers, MA, USA). Cisplatin (CDDP) and adriamycin were obtained through Ronald Reagan Pharmacy at UCLA. Sulindac and DMSO were purchased from Sigma Aldrich (Buffalo, NY, USA).

Surface staining and cell death assays
--------------------------------------

As previously described, staining was performed by labeling cells with antibodies or PI [@B59]-[@B61]. Flow cytometry analysis was performed using Beckman Coulter Epics XL cytometer (Brea, CA, USA) and results were analyzed in FlowJo vX software (Tree Star, Ashland, OR, USA).

Purification of NK cells
------------------------

Peripheral blood mononuclear cells (PBMCs) from healthy donors were isolated as described before [@B60]. Briefly, peripheral blood lymphocytes were obtained after Ficoll-hypaque centrifugation and NK cells were negatively selected using NK cell isolation kits (Miltenyi Biotec (Auburn, CA, USA) and Stem Cell Technologies (Vancouver, Canada). The purity of the NK cell population was found to be greater than 95% based on flow cytometric analysis of anti-CD16 antibody stained cells. The levels of contaminating CD3^+^ T cells remained low, at 2.4%±1%, similar to that obtained by the non-specific staining using isotype control antibody throughout the experimental procedures. Written informed consents approved by UCLA Institutional Review Board (IRB) were obtained from the blood donors and all the procedures were approved by the UCLA-IRB.

Stem cell differentiation with NK cell supernatant
--------------------------------------------------

Human NK cells were purified from healthy donors\' PBMCs as described above. NK cells were left untreated or treated with a combination of IL-2 (1000 units/mL) and anti-CD16mAb (3 μg/mL), (a condition to induce split anergy in NK cells) for 18- 24 hours before the supernatants were removed and used in differentiation experiments. The amounts of IFN-γ produced by activated split-anergized NK cells were assessed with IFN-γ ELISA (Biolegend, San Diego, CA, USA). Differentiation of OSCSCs and MP2 cells was conducted with an average total of 1500-2000 pg and 4000-7000 pg of IFN-γ from IFN-γ containing supernatants, respectively, over 4-5 days as described previously [@B18]. Differentiation of A549 and A375 cells was conducted with an average total of 6000 pg and 15000 pg of IFN-γ containing supernatants, respectively over the course of 5 days. Differentiation of X02GB required 35000 pg of IFN-γ containing supernatants as described previously [@B57]. Initially, 1X10^6^ tumor cells were cultured and treated with split-anergized NK supernatants for differentiation. Afterward, target cells were rinsed with 1X PBS, detached and used for experiments.

Luciferase reporter assay
-------------------------

Vector alone and IκB(S32AS36A) super-repressor transfected HEp2 tumor cells were generated in our laboratory. Transfections were performed using an NF-κB Luciferase reporter vector and Lipofectamine 2000 reagent in Opti-MEM media (Invitrogen, CA, USA) after which HEp2 tumor cells were treated with different agents as described in the results section. The cells were then lysed with lysis buffer and the relative luciferase activity was measured using the luciferase assay reagent kit obtained from Promega (Madison, WI, USA). NFκB knockdown HEp2 tumor cells (HEp2-IκB(S32AS36A)) were used as negative controls for luciferase assay.

Preparation of the nuclear extracts
-----------------------------------

Treated and untreated samples were incubated for 15 minutes at 37°C, after which they were washed in Buffer A (l0 mM HEPES, 1.5 mM MgCl, 10 mM KCL, 0.5 mM DTT and 0.5 mM PMSF) without Nonidet P-40*.*The pellets were resuspended in 300 uL of Buffer A with 0.1 % Nonidet P-40*.*The incubation was continued for 5 minutes on ice. The insoluble fraction was washed in Buffer A without NP-40 once and Buffer C (25% Glycerol, 20 mM HEPES, 0.6 M KCl, 1.5 mM MgCl and 0.2mM EDTA) was added to the pellets for 30 minutes. The pellets were centrifuged at 14000 rpm for 10 minutes in cold and the recovered supernatants were frozen in -80°C until used.

Western blot
------------

Treated and untreated cells were lysed in a lysis buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% Nonidet P-40 (v/v), 1 mM sodium orthovanadate, 0.5 mM EDTA, 10 mM NaF, 2 mM PMSF, 10 ug/mL leupeptin, and 2 U/mL aprotinin for 15 minutes on ice. The samples were then sonicated for 3 seconds. The cell lysates were centrifuged at 14000 rpm for 10 minutes, supernatants were removed and the levels of protein were quantified by Bradford method. The cell lysates were denatured by boiling in 5X SDS sample buffer. Equal amounts of cell lysates were loaded onto 10% SDS-PAGE and transferred onto Immobilon-P membranes (Sigma Aldrich, MO, USA). The membranes were blocked with 5% non-fat milk in PBS plus 0.1% Tween-20 for 1 hour. Primary antibodies at the predetermined dilution were added for 1 hour at room temperature. Membranes were then incubated with 1:1000 dilution of horseradish peroxidase-conjugated secondary antibody. Blots were developed by enhanced chemiluminescence (ECL).

ELISA and multiplex cytokine array kit
--------------------------------------

Single ELISAs were performed as described previously [@B60]. Fluorokine MAP cytokine multiplex kits were purchased from R&D Systems (Minneapolis, MN, USA) and the procedures were conducted as suggested by the manufacturer. JNK and pJNK levels were analyzed using the multiplex array kit from EMD Millipore, according to manufacturer\'s protocol (Billerica, MA, USA). To analyze and obtain the cytokine and chemokine concentrations, standard curves were generated using either two or three-fold dilution of recombinant cytokines provided by the manufacturer. Analysis was performed using the software provided by Luminex.

^51^Cr release cytotoxicity assay
---------------------------------

The ^51^Cr release assay was performed as described previously [@B35]. Briefly, different numbers of purified NK cells were incubated with ^51^Cr-labeled tumor target cells. After a 4-hour incubation period, the supernatants were harvested from each sample and counted for released radioactivity using the gamma counter. The percentage specific cytotoxicity was calculated as follows:

\% Cytotoxicity = Experimental cpm - spontaneous cpm / Total cpm - spontaneous cpm

LU (lytic unit) 30/10^6^ is calculated by using the inverse of the number of effector cells needed to lyse 30% of tumor target cells X100.

Results
=======

Differentiation of oral cancer stem-like cells by split-anergized NK cell supernatants resulted in upregulation of differentiation antigens and loss of susceptibility to NK cell-mediated cytotoxicity
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

As shown previously [@B17], [@B18], [@B60], NK cells mediated much higher cytotoxicity against oral squamous carcinoma stem-like cells (OSCSCs) when compared to their differentiated counterpart, oral squamous carcinoma cells (OSCCs). OCSCSs displayed higher CD44 stem cell marker expression and lower MHC-I, MICA and CD54 levels (Fig [1](#F1){ref-type="fig"}A-1B and [@B22]), whereas the reverse profile was seen on their differentiated counterpart OSCCs (Fig. [1](#F1){ref-type="fig"}A-1B). To determine the effects of supernatants from split-anergized NK cells on OSCSCs, highly purified NK cells were treated with IL-2 and anti-CD16mAb for 18-24 hours before their supernatants were removed and added to OSCSCs. The treatment of OSCSCs with split-anergized NK cell supernatants significantly decreased their sensitivity to IL-2-treated NK cell-mediated lysis (Fig. [1](#F1){ref-type="fig"}C) and mediated upregulation of MHC-I (100 fold), CD54 (32 fold), B7H1 (4 fold) and decreased CD44 (15 fold) expression as compared to untreated OSCSCs (Fig. [1](#F1){ref-type="fig"}A and 1D). The levels of MICA were 4.6 fold higher on OSCCs and 5.3 fold higher on NK differentiated as compared to untreated OSCSCs (Fig. [1](#F1){ref-type="fig"}A-1B).

Differentiation stage of pancreatic cancer cells correlated directly with the resistance to NK cell-mediated cytotoxicity and expression of key surface antigens
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Six pancreatic tumor cells were screened for surface receptor expression of select markers, susceptibility to NK cell-mediated cytotoxicity, and secretion of cytokines and chemokines to determine the relationship between the differentiation stage of each tumor cell line and their susceptibility to NK cells (manuscript in preparation). In this study, we focused on poorly differentiated pancreatic tumor cell line, MP2, and highly differentiated pancreatic tumor cell lines, Capan-1 and PL-12 (Fig. [2](#F2){ref-type="fig"}). Similar to the profiles observed in OSCSCs and OSCCs, a direct correlation between the stage of differentiation, surface expression of differentiation antigens and susceptibility to NK cell-mediated cytotoxicity was observed in pancreatic tumor cells (Fig. [2](#F2){ref-type="fig"}). Stem-like/undifferentiated pancreatic tumor cells, MP2 had higher levels of CD44 and lower levels of CD54, MHC-I and MICA (Fig. [2](#F2){ref-type="fig"}A, 2B and 2D), and they were excellent targets for NK cell-mediated lysis (Fig. [2](#F2){ref-type="fig"}C) in comparison to more differentiated pancreatic tumor cell lines, Capan-1 and PL-12. Two differentiated pancreatic tumor cells were used for comparison with stem-like/undifferentiated tumors to demonstrate reproducibility. We have previously shown that the addition of supernatants from split-anergized NK cells to MP2 tumor cells also lowered sensitivity to NK cell-mediated lysis, upregulated B7H1 and MHC-I and downregulated CD44 expression [@B18]. Our recent studies also demonstrated that differentiated pancreatic tumor cells, both patient-derived and those differentiated by NK cells, did not grow or metastasize to vital organs in NSG mice after orthotopic injection of tumors in the pancreas (manuscript in preparation).

Differentiation of glioblastoma cancer stem-like cells with supernatants from split-anergized NK cells resulted in decreased susceptibility to NK cell lysis and upregulation of CD54 and MHC-I surface expression
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

We have recently demonstrated that IL-2-treated NK cells-mediated higher cytotoxicity against X02GB, which is a CD44-high glioblastoma stem-like tumor, as compared to more differentiated U87 glioblastoma cells with lower CD44 surface expression [@B56], [@B57]. Differentiation of X02GB with supernatants from split-anergized NK cells caused a 3.5 fold inhibition in their susceptibility to lysis by IL-2-treated NK cells (Fig. [3](#F3){ref-type="fig"}A) and significantly upregulated CD54 (4.3 fold) and MHC-I (1.8 fold) expression when compared to undifferentiated X02GB (Fig. [3](#F3){ref-type="fig"}B and [@B57]).

CD44 knockdown in breast cancer and melanoma cell lines resulted in an increased sensitivity to NK cell-mediated lysis
----------------------------------------------------------------------------------------------------------------------

Since increased CD44 correlated with stem-like/undifferentiated phenotype of tumor cells, we used CD44 knockdown tumor cells to assess their susceptibility to NK cell-mediated cytotoxicity. CD44 was knocked down in human breast cancer cell line, MDA-MB231 (MDA-MB231shCD44) and human melanoma cell line, A375 (A375shCD44) as described [@B58]. Cells stably expressing shRNA against firefly luciferase were used as controls (MDA-MB231shLUC and A375shLUC). CD44 knockdown and control cell lines were used as target cells against IL-2-treated NK cells (Fig. [4](#F4){ref-type="fig"}A). Surprisingly, MDA-MB23shCD44 cells were more susceptible to NK cell-mediated lysis than MDA-MB231shLUC (Figs. [4](#F4){ref-type="fig"}A-4B). CD44 knockdown in MDA-MB231 also resulted in a downmodulation of CD54, B7H1 and MHC-I (Fig. [4](#F4){ref-type="fig"}C).

In our previous studies and in here, we demonstrated that IFN-γ secreted by split-anergized NK cells induced differentiation in OSCSCs and caused resistance against NK cell-mediated cytotoxicity [@B18]. As shown in Fig. [4](#F4){ref-type="fig"}B, the fold increase in resistance against IL-2-treated NK cell-mediated lysis by the addition of rIFN-γ to the cells was greater in MDA-MB231shCD44 (5 fold) than MDA-MB231shLUC (3 fold) (Fig. [4](#F4){ref-type="fig"}B).

Similarly, A375 shCD44 melanoma cells were more susceptible to untreated, IL-2 or IL-2+anti-CD16mAb-treated NK cells when compared to A375shLUC tumor cells (Fig. [4](#F4){ref-type="fig"}D-4F). A decrease in NK cell susceptibility was observed when untreated (Fig. [4](#F4){ref-type="fig"}D), IL-2-treated (Fig. [4](#F4){ref-type="fig"}E), or IL-2+anti-CD16mAb treated (Fig. [4](#F4){ref-type="fig"}F) NK cells were added to A375shLUC or A375 shCD44 cells pre-treated with rIFN-γ, and the fold increase in resistance compared to untreated tumors was much greater in A375shCD44 cells treated with IFN-γ than in IFN-γ-treated A375shLUC. The addition of rIFN-γ to A375shCD44 cells also induced higher fold increase in the surface expression of CD54, B7H1 and MHC-I in comparison with A375shLUC treated with rIFN-γ (data not shown).

Treatment of A375shCD44 and A375shLUC with split-anergized NK cell supernatants (diff-A375shCD44 and diff-A375shLUC) decreased substantially cytotoxicity of both untreated (Fig. [4](#F4){ref-type="fig"}G) or IL-2-treated (Fig. [4](#F4){ref-type="fig"}H) NK cells. The increase in resistance against NK cell cytotoxicity observed in diff-A375shCD44 and diff-A375shLUC directly correlated with an increase in CD54, MHC-I and MICA expression (Fig. [4](#F4){ref-type="fig"}I and 4J).

The resistance of lung cancer cells to NK cell-mediated cytotoxicity after differentiation with split-anergized NK cell supernatants was mediated by the combination of TNF-α and IFN-γ
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

We have previously shown that resistance of OSCSCs or MP2 pancreatic cancer cells to NK cell-mediated cytotoxicity after differentiation by the supernatants from split-anergized NK cells was caused by the combination of TNF-α and IFN-γ function [@B18]. We aimed to determine whether similar pattern of resistance to cytotoxicity could be seen when A549, a lung tumor line was also differentiated with split-anergized NK cell supernatants, and if the resistance was mediated by the dual function of TNF-α and IFN-γ. Treatment of A549 cells with split-anergized NK cell supernatants significantly decreased NK cell-mediated lysis by IL-2-treated NK cells (Fig. [5](#F5){ref-type="fig"}A). To examine the mechanism by which A549 cells become resistant to NK cells, we determined NK cell-mediated cytotoxicity after the addition of each of TNF-α and IFN-γ antibodies alone or in combination with split-anergized NK cell supernatant to A549 tumor cells (Fig. [5](#F5){ref-type="fig"}A). The addition of each of the antibodies to TNF-α and IFN-γ alone had inhibitory effect on the induction of resistance to NK cells. The combination of anti-TNF-α and anti-IFN-γ completely abrogated NK cell resistance of A549 tumor cells differentiated with split-anergized NK cell supernatants (Fig. [5](#F5){ref-type="fig"}A). Decreased susceptibility of A549 to NK cell-mediated cytotoxicity induced by split-anergized NK supernatants directly correlated with the increase in CD54, B7H1 and MHC-I surface expression, and the addition of the combination of anti-IFN-γ and anti-TNF-α antibodies completely abrogated the upregulation of the above-mentioned surface antigens (Figs. [5](#F5){ref-type="fig"}A and 5B). Anti-IFN-γ had a more pronounced effect on restoration of NK cytotoxicity and modulation of surface receptor expression in comparison with TNF-α (Fig. [5](#F5){ref-type="fig"}B).

Radiation or treatment with chemotherapeutic agent cisplatin (CDDP) induced significant cell death in OSCCs as well as OSCSCs, MP2 and A375shCD44 cells differentiated with split-anergized NK cell supernatant
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OSCSCs and OSCCs were treated with increasing concentrations of CDDP and the percent cell death was determined using propidium iodide (PI) staining followed by flow cytometric analysis (Fig. [6](#F6){ref-type="fig"}A). CDDP induced significant cell death in OSCCs as compared to OSCSCs (Fig. [6](#F6){ref-type="fig"}A). Similarly, OSCCs were highly susceptible to radiation treatment, whereas OSCSCs did not undergo cell death after radiation (Fig. [6](#F6){ref-type="fig"}B). Differentiation of OSCSCs (Fig. [6](#F6){ref-type="fig"}C) or MP2 cells (Fig. [6](#F6){ref-type="fig"}D) with supernatants from split-anergized NK cells resulted in a significant increase in their susceptibility to CDDP, whereas untreated OSCSCs or MP2 cells remained relatively resistant to CDDP (Fig. [6](#F6){ref-type="fig"}C and 6D). A375shLUC melanoma cells demonstrated higher differentiation antigens, and were significantly more susceptible to CDDP-mediated death when compared with A375shCD44. Differentiation with split-anergized NK cell supernatant did not change the levels of A375shLUC cell death but it decreased viability of A375shCD44 cells (Fig. [6](#F6){ref-type="fig"}E).

Decreased VEGF secretion in co-cultures of NK cells with sulindac-treated oral cancer stem-like cells and their differentiated counterparts
-------------------------------------------------------------------------------------------------------------------------------------------

We next determined the levels of VEGF secretion in the co-cultures of NK cells with OSCSCs or OSCCs treated with or without adriamycin or sulindac (Figs. [7](#F7){ref-type="fig"}A and 7B). No significant release of VEGF could be observed from untreated or IL-2-treated NK cells (Figs. [7](#F7){ref-type="fig"}A and 7B). In contrast, OSCSCs and OSCCs oral tumors secreted high levels of VEGF (Table [1](#T1){ref-type="table"} and Fig. [7](#F7){ref-type="fig"}A and 7B). Synergistic induction of VEGF release was observed when untreated NK cells (Table [1](#T1){ref-type="table"} and Fig. [7](#F7){ref-type="fig"}B) were co-cultured with OSCCs, whereas there was a decrease in VEGF secretion in co-cultures of untreated NK cells and stem-like OSCSCs in comparison to VEGF levels secreted by tumor cells alone (Fig. [7](#F7){ref-type="fig"}A). Secretion of VEGF in the supernatants obtained from the co-cultures of IL-2-treated NK cells with tumor cells was significantly decreased for both cell lines (Figs. [7](#F7){ref-type="fig"}A and 7B), due to an increased lysis of tumor cells by IL-2-treated NK cells (Table [1](#T1){ref-type="table"}). Sulindac treatment of oral tumor cells cultured in the absence or presence of untreated and IL-2-treated NK cells decreased VEGF secretion (Figs. [7](#F7){ref-type="fig"}A and 7B). Moreover, VEGF production in OSCCs in the presence of untreated NK cells was suppressed when tumor cells were treated with sulindac, but not with adriamycin (Figs. [7](#F7){ref-type="fig"}A and 7B).

Decreased secretion of IL-6 in sulindac-treated oral cancer cells with and without NK cells
-------------------------------------------------------------------------------------------

OSCSCs secreted very low levels of IL-6, and sulindac treatment and/or their co-culture with NK cells did not increase secretion of IL-6 (Fig. [7](#F7){ref-type="fig"}C). In contrast, OSCCs secreted IL-6 and their co-cultures with NK cells increased IL-6 production. As shown in Fig. [7](#F7){ref-type="fig"}D, severalfold increase in IL-6 secretion could be observed in supernatants obtained from the co-cultures of NK cells with adriamycin-treated OSCCs. OSCCs treatment with sulindac was able to significantly decrease IL-6 secretion in the absence and presence of co-cultures with NK cells when compared to those, which were left, untreated or treated with DMSO or adriamycin (Fig. [7](#F7){ref-type="fig"}D). On the other hand, IL-6 secretion in OSCSCs that were co-cultured with NK cells showed very low levels under all conditions (Fig. [7](#F7){ref-type="fig"}C).

Decreased IL-8 secretion in sulindac-treated oral tumor cells with and without NK cells
---------------------------------------------------------------------------------------

Co-cultures of untreated or IL-2-activated NK cells with sulindac-treated OSCCs or OSCSCs were analyzed for IL-8 secretion. In the absence of tumor cells, both untreated and IL-2-activated NK cells showed no IL-8 secretion (Figs. [7](#F7){ref-type="fig"}E and 7F). Synergistic induction of IL-8 secretion was observed when untreated NK cells were co-cultured with untreated, DMSO- or adriamycin-treated oral tumor cells. In contrast, IL-8 levels obtained from IL-2 activated NK cell co-cultures with untreated, DMSO- and adriamycin-treated oral tumor cells were significantly decreased. This could once again be due to increased lysis of tumor cells by IL-2 activated NK cells. Decrease in IL-8 secretion was observed in both stem-like and differentiated sulindac-treated tumor cells with or without NK cells (Figs. [7](#F7){ref-type="fig"}E and 7F).

Increased NK cell cytotoxicity against sulindac-treated HEp2 cells
------------------------------------------------------------------

HEp2 cells were treated with sulindac at a concentration that was not cytotoxic before their co-culture with NK cells. Untreated and IL-2-treated NK cells mediated increased lysis of sulindac-treated HEp2 cells when compared to untreated HEp2 cells (Fig. [8](#F8){ref-type="fig"}A).

Decreased VEGF secretion in co-cultures of NK cells with sulindac-treated HEp2 cells
------------------------------------------------------------------------------------

We determined VEGF secretion in the co-cultures of NK cells with sulindac-treated HEp2 cells. No significant induction of VEGF release could be observed from untreated or IL-2-treated NK cells in the absence of HEp2 cells. Synergistic induction of VEGF release was observed when untreated NK cells were co-cultured with HEp2 cells (Fig. [8](#F8){ref-type="fig"}B). Supernatants obtained from the co-cultures of IL-2-treated NK cells with HEp2 demonstrated a significant decrease in VEGF levels (Fig. [8](#F8){ref-type="fig"}B), which is likely due to the increased lysis of tumor cells by IL-2-treated NK cells (Fig. [8](#F8){ref-type="fig"}B). Sulindac treatment decreased VEGF secretion by tumor cells in the presence and absence of NK cells when compared with untreated, DMSO- and adriamycin-treated tumor cells (Fig. [8](#F8){ref-type="fig"}B).

Decreased secretion of IL-6 in co-cultures of NK cells with sulindac-treated HEp2 cells
---------------------------------------------------------------------------------------

Since sulindac-treated OSCCs triggered lower IL-6 secretion, both alone or in NK co-cultures, we aimed to determine whether a decreased IL-6 secretion could also be seen in HEp2 cells cultured with untreated or IL-2-treated NK cells. HEp2 cells treated with sulindac in the presence or absence of untreated NK cells decreased IL-6 secretion (Fig. [8](#F8){ref-type="fig"}C). Please note that NK cells treated with IL-2 secreted higher levels of IL-6 in the absence of tumor cells, and in the presence of untreated and sulindac-treated tumor cells secretion of IL-6 rose, indicating that IL-6 secretion is likely produced by IL-2 treated NK cells and not by HEp2 tumors. Moreover, the levels of IL-6 secretion were moderately decreased in sulindac-treated tumor co-cultures with IL-2 treated NK cells in comparison to those cultured with untreated tumor cells (Fig. [8](#F8){ref-type="fig"}C).

Downmodulation of NFκB by sulindac
----------------------------------

We have previously shown that NFκB knockdown in HEp2 cells resulted in their increased susceptibility to NK cell-mediated cytotoxicity [@B36]. Therefore, we wanted to determine the effect of sulindac on NFκB expression. Nuclear extracts obtained from DMSO, sulindac, TNF-α and the combination of TNF-α and sulindac-treated HEp2 cells were used in western blot analysis to analyze the levels of nuclear NFκB (Fig. [8](#F8){ref-type="fig"}D). As shown in Figs. [8](#F8){ref-type="fig"}D and 8E, decreased levels of nuclear NFκB were observed in sulindac-treated HEp2 cells as compared to either untreated or DMSO-treated HEp2 tumor cells. The concentration of DMSO used to solubilize sulindac did not affect the function of the cells (data not shown). Similarly, TNF-α-mediated increase in NFκB induction was inhibited when HEp2 tumor cells were treated with the combination of TNF-α and sulindac (Fig. [8](#F8){ref-type="fig"}D).

Upregulation of p-JNK in HEp2 tumor cells by sulindac
-----------------------------------------------------

Protein extracts to measure p-JNK were obtained from Hep2 tumor cells treated with adriamycin, sulindac, or DMSO, and analyzed using western blot and multiplex protein arrays. Increased levels of p-JNK were observed in sulindac-treated Hep2 cells compared to untreated or DMSO-treated tumor cells in western blot and multiplex analysis (Figs. [8](#F8){ref-type="fig"}F and 8G). Although total JNK levels were comparable throughout all treatments, p-JNK levels in sulindac-treated HEp2 tumor cells were higher (Figs. [8](#F8){ref-type="fig"}G and 8H).

Discussion
==========

We have recently shown in both *in vitro* and *in vivo* studies that COX2 deletion in myeloid cells substantially boosts NK cell activation [@B21]. In addition, we and others have demonstrated that deletion of NFκB in tumor cells significantly increases NK cell-mediated cytotoxicity and IFN-γ secretion [@B35], [@B36], and causes autoimmunity and inflammation *in vivo* [@B62], [@B63]. Moreover, conditional STAT3 knockout in hematopoietic cells was found to induce colitis in mice due to chronic gut inflammation [@B64], [@B65]. It has been described that various gene knockouts augment NK cell function, possibly due to the fundamental function of NK cells targeting cells with impaired capability to differentiate [@B21]. The list of candidate genes that activate NK cells and/or other key immune effectors when knocked down in the target cells have been increasing steadily [@B21]. In this paper, we also demonstrate that CD44 knockdown, which is a well-established marker for cancer stem-like cells of different origin, increases NK cells\' cytotoxic function in both mammary tumors and in melanoma. It is counter-intuitive to suggest that CD44 knockdown may serve to rise NK cell cytotoxicity due to de-differentiation of the cells since CD44 is not only a marker of stemness but also its role in adhesion and cell-cell contact has been demonstrated in previous studies. Indeed, initially the rationale for the use of CD44 knockdown tumors was to demonstrate their resistance to NK cell-mediated cytotoxicity, since differentiated cells exhibited less CD44 and were significantly more resistant to NK cell-mediated cytotoxicity. However, to our surprise, we obtained the opposite result potentially strengthening the hypothesis that knockdown of important cellular genes including CD44 may result in de-differentiation of the cells and greater susceptibility to NK cell-mediated cytotoxicity.

We have previously shown that NK cells target poorly differentiated cells or stem cells with lower expression of key differentiation antigens [@B17]-[@B19]. In our studies we characterized the link between the stage of maturation and differentiation of tumors and their sensitivity to NK cell-mediated lysis. In this regard, we have shown that stem-like/poorly differentiated oral and pancreatic tumor cells were significantly more susceptible to NK cell-mediated cytotoxicity whereas, their differentiated counterparts were significantly more resistant [@B17]. Based on these results, we have proposed, that NK cells play a significant role in differentiation of cells by providing critical signals via secreted cytokines as well as direct cell-cell contact [@B18]. In addition, we have demonstrated that human monocytes promote significant split anergy in NK cells [@B16], [@B19], [@B21], [@B66]-[@B68]. Induction of split anergy in NK cell effector function is thought to ultimately aid in driving differentiation of healthy, as well as transformed stem-like cells [@B19], [@B66]-[@B69]. Therefore, it appears from our studies that the loss of key molecules involved in differentiation in target cells may activate NK cells in order to drive both selection and differentiation of interacting cells. Furthermore, we demonstrated that differentiated oral, pancreatic and glioblastoma tumor cells isolated from patients, and cancer stem cells/poorly differentiated tumor cells differentiated *in vitro* with supernatants from split-anergized NK cells became resistant to NK cell-mediated cytotoxicity. Unlike the CSCs/poorly differentiated tumor cells, both patient-derived differentiated tumor cells and split-anergized NK supernatant-differentiated tumor cells exhibited upregulated CD54, B7H1, and MHC class I surface expression, and demonstrated decreased CD44 expression. Tumor differentiation was largely mediated by both IFN-γ and TNF-α secreted by activated NK cells, since the addition of the combination of anti-TNF-α and anti-IFN-γ retained the OSCSCs, MP2 pancreatic [@B18] and A549 lung cancer cells (Fig. [5](#F5){ref-type="fig"}) in a non-differentiated stage as assessed by susceptibility to NK cell-mediated lysis and decreased B7H1 and MHC class I expression. Addition of IFN-γ augumented differentiation in A375 melanoma and MBA-MB231 breast cancer cells and upregulated CD54, B7H1, MHC class I and MICA surface expression similar to the effect mediated by split-anergized NK cell supernatants. Therefore, we demonstrated that differentiation of oral, pancreatic, glioblastoma, lung, melanoma and breast cancer cells either by split-anergized NK supernatants or addition of IFN-γ rendered the tumor cells resistant to NK cell-mediated cytotoxicity, whereas their stem-like/poorly differentiated counterparts remained susceptible to NK cell-mediated cytotoxicity. Additionally, expression of MICA was higher on differentiated OSCCs and PL12 when compared to undifferentiated OSCSCs and MP2 cell lines, and their levels rose when OSCSCs or MP2, A374shLUC or A375shCD44 cells were differentiated with supernatants from split-anergized NK cells, indicating that differentiation is the mechanism involved in upregulation of MICA expression in cancer cells.

Although stem-like oral and pancreatic tumor cells are highly susceptible to NK cell-mediated cytotoxicity, they are quite resistant to either CDDP-mediated or radiation-induced cell death, whereas their differentiated counterparts are killed efficiently by either treatment. Differentiation with split- anergized NK cell supernatants made the tumor cells susceptible to CDDP-mediated cell death, indicating that differentiation of CSCs by NK cells is a crucial pre-conditioning step for the success of chemotherapy. Interestingly, A375shCD44 cells were quite resistant to CDDP-mediated cell death whereas A375shLUC cells were significantly more susceptible. Differentiation with split-anergized NK cell supernatants increased susceptibility to CDDP in A375shCD44 tumor cells. This data suggests that knockdown of cellular genes, and their reversion to a less differentiated phenotype may activate NK cell mediated cytotoxicity but it may also lead to resistance of those cells to chemotherapeutic agents. Thus, stage of differentiation is a clear determinant of tumor susceptibility to NK cell mediated cytotoxicity as well as their response to chemotherapeutic drugs. Similarly, sulindac, a chemopreventive agent, inhibited only 29% of VEGF secreted by OSCSCs whereas it decreased 55% of secretion by OSCCs, demonstrating direct effect on VEGF inhibition. However, in the presence of NK cells, sulindac inhibited 65% of VEGF secreted by OSCSCs since OSCSCs are susceptible to NK cell-mediated cytotoxicity whereas no significant change in VEGF level could be seen in OSCCs in the presence of untreated NK cells. This data indicates that tumor susceptibility to chemotherapheutics and NK cells operates in a differential manner. In addition, untreated NK cells synergize with sulindac to inhibit VEGF secretion in stem-like but not in differentiated cancer cells. Furthermore, in the absence of sulindac, IL-2-treated NK cells inhibited 87% of VEGF secreted by OSCSCs whereas they decreased 67% of VEGF secretion by OSCCs. Although the trend for IL-8 secretion remained somewhat similar, lower secretion in OSCSCs co-cultures with the NK cells and potential contribution of both tumor cells and NK cells to IL-8 secretion made it difficult to draw conclusions based on the results. OSCSCs did not secrete IL-6 and no increase in IL-6 secretion could be observed in co-cultures with NK cells, whereas OSCCs secreted IL-6 and the secreted levels were modulated in the presence of NK cells. Although there were important differences in VEGF secretion, depending on the differentiation status of oral tumor cells cultured with or without NK cells, overall, sulindac inhibited VEGF, IL-8 and IL-6 secretion in both cell types, emphasizing the key function of this agent in chemoprevention.

Sulindac as well as other NSAIDs, such as aspirin, have been demonstrated to inhibit NFκB activation [@B32], [@B33], [@B70], [@B71]. In agreement with those studies, we also show that sulindac treatment significantly inhibits nuclear NFκB expression, as well as TNF-α-mediated NFκB upregulation in HEp2 tumor cells. NFκB downmodulation by sulindac is shown to be caused by specific inhibition of Iκκ kinase activity, which prevents degradation of IκBα and results in a decreased translocation of NFκB [@B70]. We have previously shown that targeted downmodulation of NFκB in HEp2 tumor cells auguments IFN-γ secretion by the NK and T cells, prevents depletion of immune cells and results in functional activation of NK and T cells [@B35]. Thus, increased function of NK cells co-cultured with sulindac-treated tumor cells may be due to downmodulation of NFκB nuclear function.

The antineoplastic effect of sulindac is well established in gastrointestinal tract cancers, in particular in colon cancer [@B72]. Sulindac, sulindac sulfone and sulindac sulfide were found to induce apoptosis in HEpG2 cells. Sulindac inhibited proliferation and increased caspase-3 activation in a dose-dependent manner in HepG2 cells [@B73]. Similar results were obtained in a study using human gastric cancer cells [@B74]. Thus, these studies suggested that inhibition of NFκB might be one of the mechanisms by which sulindac-treated tumor cells are signaled to undergo cell death. In addition, we and others have shown previously, and demonstrated in this report, that decrease in NFκB in the presence of JNK activation could be the potential signal for cells to undergo cell death [@B50]. Therefore, sulindac may exert its suppressive effect through induction of cell death in tumors.

Tumor growth is generally associated with immunosupression. Signaling abnormalities, spontaneous apoptosis and reduced proliferation of NK, T cells and dendritic cells (DCs) have all been observed in patients with oral cancer [@B44], [@B75]. Furthermore, cytotoxic function of NK and T cells is inhibited by a variety of tumor target cells [@B60], [@B61]. Thus, treatment with sulindac may be one way to reduce inactivation and death of immune effectors in oral cancer patients. Sulindac may not only inhibit the survival and function of tumor cells, but it may also augment survival and function of cytotoxic immune effectors resulting in further lysis of tumor cells.

Increased IL-6 levels have been demonstrated in oral cancer patients. Furthermore, squamous cell carcinomas of head and neck (HNSCC) are shown to secrete significant levels of IL-6 [@B44], [@B76]-[@B78]. IL-6 has been shown to impair the development of DCs [@B75] as well as the NK function in athymic mice [@B43]. Thus, use of sulindac to control IL-6 secretion by tumor cells may rescue NK cells from undergoing functional inactivation as a result of interaction with tumor cells. Therefore, the use of NSAIDs, such as sulindac, as an adjunct therapy in several digestive tract and oral neoplasias are well warranted and should limit the tumor burden as well as enhance cytotoxic immune cell function.

In this study, we conclude that conventional regimens that target differentiated tumor cells should be supplemented with immunotherapy that targets and eliminates poorly differentiated/ cancer stem-like cells. Since cancer stem cells resist chemotherapy and radiotherapy but can be targeted by NK cells, whereas differentiated oral tumor cells are resistant to NK cell-mediated cytotoxicity but are more sensitive to chemotherapeutic drugs, a tailored therapeutic scheme should improve elimination of both undifferentiated and differentiated cancer cells present in the tumor nest. In addition, for those cancer patients whose NK cells have lost ability to kill and/or differentiate tumor cells repeated allogeneic NK cell transplantation should support elimination of cancer stem cells.
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![**Differentiation stage of oral tumor cells correlates with sensitivity to NK cell-mediated lysis.**OSCSCs were differentiated as described in the Materials and Methods section. The surface expression of CD44, MHC-I, and MICA on OSCSCs, OSCCs and split-anergized NK cell supernatant-differentiated OSCSCs was assessed using flow cytometric analysis after staining with respective PE-conjugated antibodies. Isotype control antibodies were used as controls **(A)**. Histograms from isotype control and MICA staining for OSCSCs and OSCCs or OSCSCs and split-anergized NK cell supernatant-differentiated OSCSCs (diff-OSCSCs) are overlayed in this figure **(B)** The cytotoxicity against untreated and diff-OSCSCs using IL-2-treated NK cells was assessed in a 4-hour ^51^Cr release assay. Percent cytotoxicity was obtained at different effector to target ratio and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods **(C)**. OSCSCs were differentiated with split-anergized NK cell supernatants as described in the Materials and Methods section and the surface expression of CD54 and B7H1 was assessed by flow cytometric analysis after staining with the respective PE-conjugated antibodies. Isotype control antibodies were used as controls. The numbers on the right-hand corner are the percentages and the mean channel fluorescence intensities in each histogram **(D)**.](jcav08p0537g001){#F1}

![**Stem-like pancreatic MP2 tumor cells differentiated with split-anergized NK cell supernatants, as well as patient-derived, well-differentiated pancreatic tumor cells, PL12 and Capan-1 were resistant to NK cell-mediated lysis and had higher surface expression of differentiation antigens**. MP2 cells were differentiated as described in the Materials and Methods section. The surface expression of CD44, MHC-I, and MICA on MP2, PL12 and split-anergized NK cell supernatant-differentiated MP2 tumor cells was assessed using flow cytometric analysis after staining with respective PE-conjugated antibodies. Isotype control antibodies were used as controls **(A)**. Histograms from isotype control and MICA staining for MP2 and PL-12 or MP2 and split-anergized NK cell supernatant-differentiated MP2 (diff-MP2) cells are overlayed in this figure **(B)**. Freshly isolated NK cells were treated with IL-2 (1000 units/mL) for 18-24 hours before they were added to ^51^Cr labeled MP2 and Capan-1 cells. NK cell-mediated cytotoxicity was determined using a 4-hour ^51^Cr release assay and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods **(C)**. Surface expression of CD44, CD54, and MHC-I was determined on MP2 and Capan-1 cells by flow cytometric analysis after staining with the respective PE-conjugated antibodies. Isotype control antibodies were used as controls. The numbers on the right hand corner are the percentages and the mean channel fluorescence intensities in each histogram **(D)**.](jcav08p0537g002){#F2}

![**Differentiation of stem-like X02GB tumors with split-anergized NK cell supernatants resulted in their decreased susceptibility to NK cell-mediated cytotoxicity and upregulation of CD54 and MHC-I surface expression**. Differentiation of X02GB was carried out as described in the Materials and Methods section. Afterwards, untreated and NK supernatant differentiated X02GB (diff-X02GB) were labeled with ^51^Cr and used as target cells against IL-2-treated NK cells in a 4-hour ^51^Cr release cytotoxicity assay. Percent cytotoxicity was obtained at different effector to target ratios and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods **(A)**. Surface expression of CD54, B7H1, and MHC-I on untreated and diff-X02GB was assessed by flow cytometric analysis after staining with the respective PE-conjugated antibodies. Isotype control antibodies were used as control. The numbers on the right-hand corner are the percentages and the mean channel fluorescence intensities in each histogram **(B)**.](jcav08p0537g003){#F3}

###### 

**Increased susceptibility of CD44 knockdown MDA-MB231 and A375 tumor cells to NK cell-mediated cytotoxicity, and the induction of resistance after treatment with supernatants from split-anergized NK cells or IFN-γ**. NK cells were treated with IL-2 (1000 units/mL) for 18-24 hours before they were added to ^51^Cr labeled MDA-MB231shLUC or MDA-MB231shCD44 tumor cells. NK cell-mediated cytotoxicity was determined using a 4-hour ^51^Cr release assay **(A)**. MDA-MB231shLUC and MDA-MB231shCD44 tumor cells were treated with recombinant human IFN-γ (50 units/mL) for 24 hours. Afterwards, the cells were detached from the tissue culture plates and labeled with ^51^Cr and used in a 4-hour ^51^Cr release assay against IL-2-treated NK cells. Percent cytotoxicity was obtained at different effector to target ratio and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods **(B)**. The surface expression of CD44, CD54, B7H1, and MHC-I on MDA-MB231shLUC and MDA-MB231shCD44 was assessed with flow cytometric analysis after staining with the respective PE-conjugated antibodies. Isotype control antibodies were used as controls. The numbers on the right hand corner are the percentages and the mean channel fluorescence intensities in each histogram **(C)**. A375shLUC and A375shCD44 cells were left untreated or treated with recombinant human IFN-γ (50 units/mL) for 24 hours. Afterwards, the cells were detached from the tissue culture plates and labeled with ^51^Cr and used in a 4-hour ^51^Cr release assay against untreated **(D)**, IL-2-treated (1000 units/mL) (**E**), and IL-2 (1000 units/mL) and anti-CD16mAb (3μg/mL) treated **(F)** NK cells. Pre-treatment of NK cells with IL-2 or IL-2+anti-CD16mAb was carried out for 18-24 hours. Percent cytotoxicity was obtained at different effector to target ratio and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods. Differentiation of A375shLUC and A375shCD44 cells with split-anergized NK cell supernatants was carried out as described in the Materials and Methods section. The cytotoxicity against untreated, diff- A375shLUC, and diff- A375shCD44 with untreated **(G)** and IL-2 (1000 units/ml) treated **(H)** NK cells was assessed using 4-hour ^51^Cr release assay. Percent cytotoxicity was obtained at different effector to target ratio and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods. A375shLUC and A375shCD44 were treated with split-anergized NK cell supernatants as described in the Materials and Methods section and the surface expression of CD44, CD54, MHC-I and MICA was assessed with flow cytometric analysis after staining with the respective PE-conjugated antibodies (**I, J**). Isotype control antibodies were used as controls. The numbers on the right-hand corner are the percentages and the mean channel fluorescence intensities for each histogram in Fig.**(I)** as well as mean channel fluorescence intensities in Fig. **(J)** with percentages shown above the cursors.

![](jcav08p0537g004)

![](jcav08p0537g005)

![**The induction of NK cell resistance in split-anergized NK supernatant-differentiated A549 was mediated by TNF-α and IFN-γ.** Supernatants from untreated and split-anergized NK cells were prepared as described in the Materials and Methods section, and then added to A549 cells in the presence or absence of anti-TNF-α (1:100) and/or anti-IFN-γ (1:100). The cytotoxicity against untreated and split-anergized NK supernatant-differentiated A549 in the presence of antibodies to TNF-α and IFN-γ using IL-2 treated NK cells was assessed in a 4-hour ^51^Cr release assay. Percent cytotoxicity was obtained at different effector to target ratio and the lytic units 30/10^6^ cells were determined as described in the Materials and Methods **(A)**. The surface expression of CD44, CD54, B7H1, and MHC-I on untreated and split-anergized NK supernatant-treated A549 tumor cells in the presence and absence of anti-TNF-α (1:100) and/or anti-IFN-γ (1:100) was assessed by flow cytometric analysis after PE-conjugated antibody staining. Isotype control antibodies were used as controls. The numbers on the right hand corner are the percentages and the mean channel fluorescence intensities in each histogram **(B)**.](jcav08p0537g006){#F5}

![**Cisplatin induced significant death in OSCCs, A375shLUC and diff-OSCSCs, diff-MP2 and diff-A375shCD44 but not in stem-like/undifferentiated OSCSCs, MP2 and A375shCD44 cells**. OSCSCs and OSCCs were seeded in 24-well plates at 1X10^5^ cells/well for 18-24 hours before the cells were treated with CDDP at 10, 20, 40, 70, and 80 μg/mL for 24 hours. The viability of the cells was determined using propidium iodide staining and analyzed by flow cytometry **(A)**. OSCSCs and OSCCs were seeded in 24-well plates at 1X10^5^ cells/well for 18-24 hours before the cells were irradiated at 10 or 20 Gy. Afterwards, the viability of the cells was determined using propidium iodide staining and analyzed by flow cytometry **(B)**. OSCSCs, MP2, A375shLUC and A375shCD44 cells were left undifferentiated or differentiated with split-anergized NK cell supernatants as described in the Materials and Methods section. Untreated or Diff-OSCSCs **(C)**, Diff-MP2 **(D)**, Diff- A375shLUC and diff-A375shCD44 **(E)** were seeded in 24-well plates at 1X10^5^ cells/well for 18-24 hours before the cells were treated with CDDP at 60 μg/mL for OSCSCs and MP2 cells, and 20 μg/mL for A375shLUC and A375shCD44. After an overnight treatment period, the viability of tumors was determined using propidium iodide staining followed by flow cytometric analysis.](jcav08p0537g007){#F6}

![**Decreased VEGF, IL-6, and IL-8 secretion in NK cells co-cultures with sulindac-treated OSCSCs or OSCCs**. OSCSCs **(A, C, E)** and OSCCs **(B, D, F)** were left untreated or treated with sulindac (200μM), adriamycin (10 μg/mL), or DMSO control. After an overnight incubation, tumor cells were washed twice and co-cultured with untreated or IL-2-treated NK cells at an effector to target ratio of 5:1. Treatment of NK cells with IL-2 (500 units/mL) was carried out for 8-12 hours before their co-culture with the tumor cells. The concentrations of VEGF **(A and B)**, IL-6 **(C and D)** and IL-8 **(E and F)** in the cell culture supernatants were measured with a multiplex cytokine array kit after an overnight incubation.](jcav08p0537g008){#F7}

![**Treatment of HEp2 cells with sulindac resulted in increased susceptibility to NK cell -mediated cytotoxicity, decreased VEGF and IL-6 secretion in the co-cultures with NK cells, decreased NFκB nuclear expression and increased p-JNK**. HEp2 cells (4X10^6^) were left untreated or treated with sulindac at 200 μM for 4 hours. The cells were then washed and labeled with ^51^Cr and used as target cells against untreated or IL-2 (500 units/mL) pre-treated NK cells in 4-hour ^51^Cr release assay **(A)**. HEp2 tumors were left untreated or treated with sulindac (200 μM), adriamycin (10 μg/mL), and DMSO for 12-18 hours. Afterwards, the tumor cells were washed twice and co-cultured alone or with either untreated or IL-2-treated (500 units/mL) NK cells at an effector to target ratio of 5:1. After an overnight incubation, the supernatants were removed from the co-cultures and the levels of VEGF **(B)** and IL-6 **(C)** secretion were determined using specific ELISAs. HEp2 tumor cells were treated with sulindac (200 μM), TNF-α (20 ng/mL), and DMSO alone or in combination, as indicated in the figure. After an overnight incubation, the nuclear extracts were prepared from each sample and run on a polyacrylamide gel. The levels of p65 NFκB sub-unit were determined in each sample. Actin expression for the nuclear extracts was used as the loading control **(D)**. HEp2-vec and HEp2-IκB(S32AS36A) tumor cells were transfected with NFκB Luciferase reporter vector, as described in the Materials and Methods section, after which the transfected tumors were treated with and without sulindac (200 μM), adriamycin (10 μg/mL), and DMSO for 12-18 hours before they were lysed and the relative luciferase activity was measured over untreated tumors **(E)**. HEp2 cells were treated with adriamycin (10μg/mL), sulindac (200 μM), or DMSO. After an overnight incubation, the nuclear extracts were prepared from each sample and were run on a polyacrylamide gel to determine the expression of phospho-JNK (p-JNK). β-tubulin expression was used as the loading control in the western blot **(F)**. The levels of p-JNK **(G)** and total JNK **(H)** were determined using multiplex array kit. The Median Fluorescence Intensity (MFI) was measured with the Luminex system. The figures represent the average and standard deviation of three replicate wells.](jcav08p0537g009){#F8}

###### 

**Inability of untreated NK cells to lyse OSCCs oral tumors resulted in synergistic induction of VEGF secretion by the tumor cells.**NK cells were left untreated or treated with IL-2 (500units/mL) for 8-12 hours before they were added to OSCCs primary oral tumors at an effector to target ratio of 5:1. The levels of VEGF secretion in each sample were determined using a multiplex ELISA array kit specific for VEGF. \* Values were normalized to the levels of VEGF secretion obtained in oral tumors in the absence of immune effectors. NK cell cytotoxicity was determined using a standard ^51^Cr release assay and the lytic units 30/10^6^were determined using inverse number of effectors required to lyse 30% of the tumor cells X 100.

                      LU~30/10~^6^   VEGF (pg/mL)   %VEGF\*
  ------------------- -------------- -------------- ---------
  NK control          \-\--          5.1            1.3
  NK IL-2             \-\-\--        4.7            1.2
  OSCCs tumor alone   \-\-\--        367.4±14       100
  \+ NK control       3.3±0.0        713.4±43       197
  \+ NK IL-2          27.8±0.8       61±22          17
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